Quantitative stereological analysis of the effects of age and sex on multistage hepatocarcinogenesis in the rat by use of four cytochemical markers.
Altered hepatic foci (AHF) were analyzed by quantitative stereology on frozen serial sections stained sequentially for gamma-glutamyltranspeptidase (GGT), canalicular adenosine triphosphate (ATPase), glucose-6-phosphatase (G6Pase), and the placental isoenzyme of glutathione S-transferase (GST). Livers for these analyses were obtained from both male and female rats of different ages which had been subjected to initiation with a nonnecrogenic dose of diethylnitrosamine following a 70% partial hepatectomy with subsequent phenobarbital (PB) feeding. Different combinations of these four marker alterations (from single marker to four-marker combinations) were used to analyze the data, and the results were compared for their ability to detect AHF. In rats on the above protocol, GST was the single most effective marker, exhibiting a high sensitivity for scoring both number and volume of foci. There was a high degree of overlap with GGT. The combination of the four different markers, GST/GGT/ATPase/G6Pase, scored 80% more foci in number and 60% more in volume than the routinely used GGT/ATPase/G6Pase method. When all four markers were used to score AHF, PB promotion was equally effective in both sexes at weaning and at 6 months of age, but at 1 year of age males showed a dramatic reduction in the effectiveness of PB as a promoting agent, both for number and volume percentage of liver occupied by AHF. On the other hand, initiation was more effective in the male at weaning and at 6 months of age, although by the 12-month point no distinction between the sexes could be made. When only GGT was used as a marker, promotion by PB appeared to be markedly less effective in males than in females at all ages. In the absence of PB administration, both the number and volume fraction of AHF in the livers of both males and female increased with age. Likewise, both the number of AHF per liver and their volume fractions increased with age in both sexes when uninitiated animals were fed PB, although only after a 6-month lag in females. These experiments demonstrate that the stages of initiation and promotion in hepatocarcinogenesis in the rat as monitored by the number and volume percentage occupied of AHF are altered by both the age and the sex of the animal. The combination of GGT and GST identified all AHF scored by the GST/GGT/ATPase/G6Pase set of markers and thus may be the most efficient combination of markers of AHF resulting from promotion by PB.